Background-The Vaccine Safety Datalink (VSD) is a collaboration between CDC and 9 integrated health care systems that serves as a cornerstone of US post-licensure vaccine safety monitoring. Given concerns that potential differences between the insured VSD population and the US population could limit the generalizability of VSD study findings, we performed a comparison of the demographic characteristics between the two populations.
Introduction
Vaccines are considered one of the most important public health successes of the century, and vaccine safety monitoring is a critical component to any vaccination program [1, 2] . The Vaccine Safety Datalink (VSD) is a collaboration between the Centers for Disease Control and Prevention (CDC) and 9 integrated health care systems (sites) that conducts postmarketing vaccine safety evaluations on approximately 3% of the United States (US) population [3, 4] . The VSD provides essential vaccine safety data to stakeholders (health care providers, public health officials, and the public) and can inform national immunization policy.
The VSD has played a significant role in vaccine safety monitoring in the United States. Important public health investigations conducted by the VSD include studies that have found associations between rotavirus vaccine and intussusception [5] [6] [7] , and febrile seizures and vaccines [8, 9] , as well as a lack of association between vaccines and neurodevelopmental disorders [10, 11] . The VSD has also conducted studies on the safety of influenza and Tdap vaccination in pregnant women [12] [13] [14] . A potential limitation of VSD data is a perceived lack of generalizability between the insured VSD population and the more socioeconomically diverse US population. This limitation was commented upon in a recent Institute of Medicine (IOM) report on the safety of the childhood immunization schedule [15] . Differences in education, income, or socioeconomic status may translate to differences in health care seeking behaviors [16, 17] , access to healthcare, and differences in adverse events following vaccination [18] .
While one study compared the demographic characteristics of one VSD site to its state [19] , and other studies have examined VSD vaccination coverage rates and mortality rates relative to those of the US [20, 21] , a comprehensive comparison of the demographic characteristics of the entire VSD population with the US population has not been previously conducted. The prior vaccination coverage study showed that the VSD generally had higher vaccination coverage in children compared to the US population [20] . The goal of this study was to compare the VSD population to the US population in order to examine the generalizability of VSD findings to the broader US population.
Methods
VSD data are provided by nine sites in diverse geographical locations across the US. Of these, six infrastructure sites provide data on a continuous basis: Kaiser Permanente of Southern California (SCK), Kaiser Permanente of Northern California (NCK), Kaiser Permanente Northwest (NWK), Group Health Cooperative (GHC), Kaiser Permanente of Colorado (KPC), and Marshfield Clinic Research Foundation (MFC). Three additional sites can provide data for specific studies: Health Partners Research Foundation (HPM), Harvard Pilgrim Health Care (HAR), and Kaiser Permanente of Georgia (KPG). Each site collaborates to compile data in a standardized manner. The data includes vaccination records, demographic information, enrollment information, birth information, and records on hospitalizations, outpatient visits, emergency department visits, and urgent care visits. Each VSD member has a unique, randomized VSD identification number used to link data on demographics and medical services. VSD data is updated on a weekly basis. In addition, the VSD has ready access to electronic medical records, allowing investigators to conduct chart reviews to validate health outcomes.
For this study, we used data from only the six VSD infrastructure sites. We collected data from 2010 in order compare the VSD population to 2010 US Census, which is the most recent comprehensive demographic information available on the US population. We also collected information on the VSD Medicaid population from 2005 through 2013. The study was approved by the individual institutional review boards at CDC and all participating VSD sites.
Race and Ethnicity/ Socioeconomic status
We classified race into the following six categories: white, black or African American, American Indian or Alaskan Native, Asian or Pacific Islander, other, and multiple races. Ethnicity was categorized as Hispanic or non-Hispanic. At all sites, race and ethnicity information was obtained from a combination of local administrative data and geocoding data [22] , which are neighborhood estimates based on linking heath plan member addresses (zip code, block-group, census tract) to US Census block data. While VSD sites used different software for geocoding (e.g., SAS, Geographic Information Coding software), the underlying method of estimating demographic data based on geographic location was similar. At each site, the majority of race and ethnicity information came from administrative data, and a small percentage came from neighborhood estimates. All of the education and income information came from neighborhood estimates.
Medicaid
US Medicaid is a federal and state funded program that provides health insurance for millions of Americans, and includes low-income adults, children, pregnant women, elderly, and disabled populations (http://www.cms.gov/). Medicaid information has been collected routinely in the VSD since 1997. Each year, a Medicaid file is created containing Medicaid coverage status by month for VSD members. Each VSD site creates the Medicaid file using a unique, site-specific algorithm. In addition to Medicaid, each site may also have members participating in local Medicaid related programs that cover specific low income populations. Beginning in 2013 all VSD sites began to include these low income populations from statesubsidized programs in the VSD Medicaid file.
We counted the total number of Medicaid participants each year by taking an average of monthly data. We then looked at the secular trend of the Medicaid population at each site from 2005 through 2013 stratified by the following age groups: <5 years, 5-17 years, 18-49 years, 50-64 years, and 65 + years. We also compared the 2012 VSD Medicaid population with the reference population from the US federal Medicaid program, stratified by sex and age group.
Reference populations
Our reference population was the entire population of the United States, information on which was available from the 2010 US Census. We obtained this information from the US Census Bureau website (http://www.census.gov/). Additionally, for the Medicaid population, we used 2012 data from US Centers for Medicare and Medicaid Services available at http://www.cms.gov/.
Statistical analysis
For descriptive comparison, we report percentages for the US population and Medicaid data, and the corresponding percentages in the VSD. Formal statistical comparisons were not performed, since both the US and VSD populations are large, and non-meaningful differences would result in statistically significant test results.
Results
Among the VSD infrastructure sites in 2010, there were 8,085,329 people enrolled (Table  1) , which represented 2.6% of the total US population. The distribution by sex was similar between the VSD and US populations. The age distributions were also similar between the two groups; however, the 55 to 59 year age group and 60 to 64 year age group were each slightly overrepresented in the VSD (7.2% in the VSD vs. 4.8% in the US and 6.2% in the VSD vs. 3.8% in the US respectively).
When comparing race within the VSD to that of the US population, the most notable difference was in the Asian population (15.4% in the VSD compared to 5.0% in the US). Additionally, the VSD had a smaller proportion of white (64.7% in the VSD compared to 72.4% in the US) and African American members (8.8% in the VSD compared to 12.6% in the US). When comparing ethnicity, the Hispanic population (36.6% in the VSD compared to 16.3% in the US) was overrepresented in the VSD.
A similar percentage of patients in the VSD and the US populations had incomes of $50,000 to $74,999. Slightly more than 50% of the US population had annual incomes of less than $50,000, compared to 34% of the VSD population. Despite these differences, there were over 2 million VSD members earning less than $50,000. Conversely, over 43% of the VSD population had incomes over $75,000, compared to 32% of the US population.
Education attainment comparisons, based on neighborhood estimates, showed that the VSD adult population was similar in educational attainment to the US adult population. The largest differences were between the population with less than 9 th grade education, which was overrepresented in the VSD (8.3% in the VSD compared to 4.8% in the US) and the population with high school graduates, which was underrepresented in the VSD (45.1% in the VSD compared to 50.4% in the US).
A total of 629,837 VSD members participated in Medicaid-related programs in 2012, representing 1.1% of the US Medicaid population ( Table 2) . Despite a large number of total VSD Medicaid participants, the total proportion of the VSD Medicaid population (7.8%) was less than half that of the US Medicaid population (18.8%). The proportion of females was higher in both VSD and the US Medicaid populations; however, this difference was less marked in the VSD population (54.3% female in the VSD vs. 58.1% female in the US). Among different age groups in the VSD, children ages 6-18 years were overrepresented in the VSD (51.5% in VSD compared to 30.3% in the US). Additionally, the 19 to 44 year and 45 to 64 year age groups were underrepresented among VSD members compared to the US (16.4% vs 30.4% and 6.6% vs 12.1% respectively). There has been an increasing trend in the proportion of the VSD Medicaid population from 2005 to 2013 (figure 1) across different age groups, particularly among children 0-17 years old. The increasing trend in children is likely a result of the recent addition of local Medicaid-related programs included in the VSD Medicaid file that offer coverage to children.
Discussion
Post-licensure vaccine safety data monitoring is a crucial part of a successful vaccination program. As the VSD is a network that is used for high impact vaccine safety studies, it is important to know how its population may be different from that of the United States. Overall, we found that the VSD population is representative of the US population for a number of characteristics. Apart from small differences in age distribution, race/ethnicity, income and education levels of the overall population, and minor differences in the age distribution of the Medicaid population, there were no significant demographic differences to suggest a lack of generalizability in population based vaccine safety monitoring studies conducted in the VSD. Additionally, despite specific groups being underrepresented in the VSD compared to the US (i.e., African American, individuals with income less than $50,000), the absolute number of VSD members is large enough to ensure significant representation of these groups in vaccine safety studies that use VSD data.
All major categories of race and ethnicity are well represented in the VSD. Certain groups, such as Asians and Hispanics, had a larger representation in the VSD than the US as a whole, which may be reflective of the large percentage of the VSD population at the California sites. For groups in the VSD which we found to be underrepresented compared with the US population, specific population sizes nevertheless were considerable: the African-American population consists of over 700,000 individuals, the Medicaid population consists of over 600,000 members, and the population earning less than $50,000 consists of over 2 million VSD members. Thus, the large number of individuals within these groups in the VSD facilitate sub-analyses of these populations being conducted in VSD studies. Additionally, separate large scale studies of these and other specific groups can also be done.
The VSD includes data on an insured population, and insurance is commonly provided by employers. Nonetheless, we found substantial coverage of older populations beyond the typical retirement age, which may be a result of the high Medicare population (federal health insurance program for individuals 65 and older) coverage in the VSD sites. With the introduction of the Affordable Care Act (ACA), we expect the VSD population to continue to change [23, 24] . Overall, we expect the population at the VSD sites to increase in diversity. We expect specific population increases to vary by VSD site, due to state differences in health insurance. For example, in some sites, the advent of health care exchanges and more high deductible health plans may attract both younger and lower income enrollees. Conversely, there may be some individuals who currently belong to Medicaid at specific sites who may decide to get insurance outside these VSD sites. Future studies comparing the VSD population to that of the US would be useful in evaluating the impact from the ACA, including the variation of this impact by VSD site.
Our study has a few limitations. In particular, we used data on income and education level derived from neighborhood estimates via the geocoding system. Although this method has been used in other studies [22] , census tract/block geocode data may not accurately reflect the characteristics of a specific individual residing in the area. What we can conclude from the geocode data, however, is that the majority of VSD members tend to reside in areas that have distributions of education and income levels that are reflective of the US population. Another limitation is that the most recent US data available for our comparisons was from the 2010 US Census and from 2012 for Medicaid information. Both the VSD population and the US population are dynamic, and some of our data in this study may not be representative of these two populations today. For example, the VSD is actively investigating whether additional health systems may be incorporated to increase its diversity and representativeness with respect to socioeconomically disadvantaged populations, which could impact the future demographic representation in the VSD. Finally, we were only able to compare certain characteristics of the VSD to that of the US population, such as age, sex, race/ethnicity, and markers of socioeconomic status. There may still be differences that we did not capture in this analysis that may impact the generalizability of VSD vaccine safety studies. Future studies can compare other important areas, such as health care utilization, between the VSD and the US populations.
Conclusions
Our study shows that overall, the VSD well represents the US population with regard to sex, race, ethnicity, income, education and Medicare populations. Despite some differences that may affect specific studies, our data suggest findings from studies conducted in the VSD population are largely generalizable to the US population.
Highlights
• The VSD population included over 8 million members in 2010
• The VSD is representative of the US population in many key demographic categories
• In underrepresented demographic categories, the VSD population remains substantial 1 Data represent percentages of total population unless otherwise noted. All percentages are rounded.
2 Income and educational information from the VSD population is derived from neighborhood estimates. 
